UNCLASSIFIED

ap 283 680

Reproduced
by the
ARMED SERVICES TECHNICAL INFORMATION AGENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED




NOTICE: When govermment or other drawings, speci-

' fications or other data are used for any purpose

, other than in connection with a definitely related

i government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data 1is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.




CATALOGED BY ASTIA

285680

+5 AD No.

REAL-TIME, TIME-SLAEKID COMPUTER PROJECT
Sixth and Seventh Quarterly Progress Roports

October 8, 1962

'L/ - ;.;;-",_-.// (.-‘1-.-.-.- (j-‘:'-
2 > / | J_"-_//
///“-.r--.--hr'rr""'_“___‘ f k‘jk-—:ffﬁ/ { SR R
~
( ;:-‘:':-l'{‘;-'i--l_-fﬁ_-ﬂ-- -3 f"’ ff};:,—'l.f’

Contract Number
Nonr-1841 (69)
DSR #8644

1S T1A
[
W ae 16
TSI 4

Submitted b,m{‘{\f\\\\ SeaS

=

Philip M. rse, Frincipal Iavestigator

*\»&A {I\ )

llorb.rt M. Teager, Project




Summary

Work over the past two quarters has continued in all phases of this
project, ranging from devices through software, in the areas of Graphical inputs,
Graphicsl outputs, Problem- and Procsdure-oriented langusgss, and the scheduling and
allocation of a Central Processor with backup temporary storage devices.
Progress in all of these areas has been heartening, particularly those converted
with the device and character recognition aspects associated with implementing
graphical lenguages. Test results indicate that block-printed charscters can,
with a high degree of reliability, be ideatified without requiring eithor excess
memory space or machine time, so long as the carefully-drawm input is correlated
with a particulsr user’s set. The approaches that proved successful with alpha-
meric fouts of block-printed characters proved insufficient for the more subtle
variations associated »ith larger, mixed fonts of cursive characters, and a
brosder approach encompassing both extremes has been derived. This new approach,
while not yet reduced to software, has been simulated with experimental datsa and
found to lead to results which should be quite sdequate for a system with
graphical feedback to resolve eny uncertainties in identification. In the
process, & much more stringent analysis has besen made of the relationship between
the appearance of aymbcls and the process of making them, as well as the limita-
tions of an arbitrarily large and unrestricted foant of characters.

As a prelude to designiug specific, problem-oricated, graphical
languages, feasible algorithms for translating into algebraic langusges
information that could be derived from graphical descriptions have bsen
considered for clectrical networks and boundary value field problems.

Witk respect to 3cbhaduling sad sllocation procedures and the re-
organization of the EAD compiler, the recuisite software is deing tested, zlthough
portions of the hardware system, such as the disc storage, must still be
simulated.

Finally, with respect to hardware and equipment, three on-lime flexo-
writers and e photoelectric tape resder have been operating satisfactorily,
while the special-purpose, plotter coantrol computer snd three on-line plotters
are atill not satisfactoi’y with respect to reliability, with primary difficulties
centering in the sssociated disc storage unit, Software development to provide
graph, coutrur plotting, and symbolic ocutput is, however, continuing, and will
be made availeble, via special statemeats in the NMAD language. A graphical
input device, based upoun the original design and coacept of this group has been
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built by s government laboratory for their own uses, and is operating
satisfactorily. VWe are now working on an sdvanced design for this device.

For the immediate future, work in each of the areas indicated above
will continue. For the longer range, possible improvements to the cver-all
time-shared, real-time system, such as optical, read-only mssmory, small-sized
CRT displays with small, inherent storage for rapid interrogation, and improved
plotters tc couple with the graphical input device, will be explored.

I. Graphical Input, Device
As hss been aentioned in earlier reports, a principle for a graphical
input device, capable of operating in real time with & special "pencil” and

ordinary paper, had been found. The principle involved recognition of a stylus
position by means of coded sequences of current pulses in a matrix of coanductors
beiow the plane of the paper. Experimentsl and theoretical wort at that time
indicated that the principle was sound, snd has been confirmed by the performance
of full scele device at another institution. As envisioned, the device would
incorpcrate slope detscotion facilities (quantizxed into octmants), and thus, 12
desirable, point information could be recoded into line segment information

for easier computer assimilation. It would also be linked to a graphical

output device (for feedback purposes) by means of a common supply of paper.
Prototype development of this deviie has necessarily lagged due to other, more
urgent problews, and all ramifications of this basic capability have msesnwhile
had to be considered in terms of its design chauracteristics, rather than sctual
reasured performance.

The design characteristics of the device are that it provides, %o a
resolution of .01", the binary cocrdinates of the stylus whenever it is lifted
or placed cn the paper or whenever the direction of movemeant of the stylus
crosses the boundartes of one of aight 450 octanies extending over vertical,

horizontal, and *45° directions.
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I1. Graphical Input, Character Recognition

Recognition of a wide range of hand-printed characters is not a pre-
condition for a feasible graphical language, such characters can alszo be entered
1nfo a computer via a keyboard, once their ocosition on the surface has been
locatedxby the pencil. It is, however, &n interesting problem in its own
right, perticularly since a much widesr cless of symbols in theory can be
produced Ly hand than with a keybnard, with secmingly less distraction and
attendant disruption of the users’ attention. Also, since the graphical input
device planned kad characteristics which essentially eliminated the sacanning problem,
and the graphical output device could provide a necessary corrective feedback
for error ér uncertaintv, it was felt that input of hend-drawn characters might
be feasible without too many restricticns on the user. It wes felt that rather
than attempting to solve the general pattern recognition problem {(which in the
case of isclated hand-drewn characters taken from a very large fuit msy not have
any mesaningful solution), & much mere restricted problem of mstching a particular
sanple to cne of a font provided by a particular user would be more tractable.

There 13 little question that the usser cannot be given tho same
freedom that he may choose to e¢xercise in his normal writing and printing where
he can always use context. The very fact that he is nsked to define his cwn
fout is partly in recognition of this. Further, he cannot be sliowed the normal
overlap of characters {for exsmple, single stroke "'I's” or numeral ocnes), that
he can resolve by coantext. At tho cther extreme, the constraints cannot be too
binding or else he will soon forego the pencil for other alternatives.

From the characteristics of the input device, it could be assumed that
the input device would be presented tho character in the form of a sequence of
x-y coordinate beginmning and end points of line segments resulting from actioas
such as changing the slope or lifting the pencil off of the paper. Becausec of
the manner in which the input waz generated, the szygtem chosen had to be, to s
large cxtent, scele, position, and rotation insensgitive, i.e., s user might
reasonebly be expected to write anywhere on the surface, in varying slants sad
scales, It further hsd to allow for a very wide class of aymbols, perhaps up
to two hundred. To be feasible, the recognition scheme had to be reasonably
eff{icient end fast for eech user, and require e minimum amount of program gpace
for both the recognition program and for the specific font deta of each user,

Yor reasons of officiency, problema of context (guch ss deciding vhere to segment
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connected characters) had to be avolded by design, i.e., the uaser would be
required to segment his characters, either by mahipg them with a single contiuuous
movement without lifting the pencil, or else drawing the character in such a way
that individual line segments crossed or touched line segments that had been
drewn st worst no more than a fow segments previcusly.

The approach taken was partly empirical and partly theoreticel. Fro=
the basic input data (aamely, a succession of line segments described by their
end points and direction iaformation} it should have been pcssible to reproduce
charsacters which still looked the same zs the original characters in context
with the same person’s particular font. Imitially, this font was chosen to
inclwie block-printed representations of the entire glphabet snd arabic numerais.
These tests showed that there was no loss in intelligibility involved in
approximating the block characters Ly derived, straight line approximations,
unless the character was less than ton times the device resolution.

The same was largely true of cursive characters. FYurther work was
also done with representation of characters by approximating line segnents
quantized in angle with a set of discreie lengths that wero picked on an
integer Iogfﬁ. acale. Thkis representation sllowed studies of independent
scale changes, rotations, and skewing. From this theoretical work, for exsmple,
it was found thai mcst curved segments enclosing areas could be replacod by just
horizcental and vertical segments without loss of identity, that independent X
and Y scale changes and gskewing of the slant of & character towards the
vertical did not affect its appesrance.

A particular writer could insdvertantly make any of these transformations
in drswing a character without reslizing it, and thus, & recognition scheme to
be effective would have to tzke them into account.

To supplceeert the theoretical work, it was also necessary to develop
programs to handle the recogmition, aad for this purpose, & more restricted
font, asmely block characters, vas used to guide the development.

Block printing is a form of constraint that fite well into the type
of data that the graphical input board can provide, so long a3 lines are drawvn
straight, end oriented nearly horizontal, vertical, or oa a plus or minus 45
slant; curves are drevn full, and intersectioms are nade st ends or middles of
line segments, with right angle changes. Curved limes of the syshol can easily
be discovered from the sequence of aungular changes in the line segments msking
up the curved sepment, with a moderate number of line segments 2f this sort, it




is possible to construct an enormous vocabulary of symbols, of which those of
the ordinary slphabet constitutes only a very esmell part. The problem, even in
this extremo case is, however, to set up a fast separation schemo. To be fast,
a separation scheme should idsally spiit up the font into & moderato number of
equally populated sulgroups at several claasgificetion levels frowm sinple tesis
until the unkoown is categorized. With s known character set, it is possible
to rininize consideration of all the reletionskips between lines that wmight be
present, to just those which are sufficient to make o separation among the
aubgroup.

In the cese of block letters, such o classification cen be made almost
completely on the basis of the number of 1line segments of each type, using jJust
a few relationships between linos to resolve the few ceses thit fs8ll into the
same categories. (The proporties that have becn mentioned for block letters
have iguored the additional information thzt wss present in tho original line
segment date, namoly, the sense in which {t was drewn leagthe . angular changes,
etc.)

Recognition then procedes by recursive lookup, based upon the numerical
results of a tesat to find the next test, etc., until the process oither terminates
in & successful result, an unknown, or an smbiguity. Geunerel programs have been
written to test a variety of clazsificetion schemes, both to coastruct the tables
appropriatic to a given person’s charscter set, as well as to utilize the tables
for a fast sesxrch. In this approach, the first aplit is extromely importent,
snd is generally chosen to give a large number of stable subgroups.

These progre=s have worked with upwards of 85 per ceant correct
recognition {or carefully-drewn block letters. The computer time spent for
such recognition has been in general) on tho order of ten’'s of milliseconds As
the characters have bocome more carelesaly drswn, however, recoganitloa results
have deteriorated, in the sense of not being able to identify a larger proportion
of unknowns, which is hardly surprising, since the original cleamificucion
schomes for block characters are based on rather ideal irel assumpiions for what
constitutes s line, and & curve. Tc include block churecters as part of the
larger {ramevork encompassing cursive letters, as well as to be far more forgiving
rith respect to block letters, we have had to consider wore csrefully the process
by which letters are msde, and the pecssible normal range of variations thst are
tekea for granted, and are perhsaps undetected by the person doing the writing.
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As block letters become less congtrained, the distinction between
lines and curves becomes blurred; the placement of line segments becomes more
haphazard as does their leugth, lines may slant more randomly, and curves
encompass o far wvider range of interpretetion. The situation is worse in the
case of cursive writing, or mixed cursive and printing, since a cursive letter
cs2 be cousidored as all one curve. As the work of Eden® and others would
indicate, however, much of the varisbility in cursive letters comes sbout gz a
result of the nature of hand wotions, and thus 2 recogrition scheme could be
based upon EE a character is mede, in terms of bhorizontsl and vertical motions
taken separately rather thsun upon what it looks like, siunce the latter can
hardly be regarded as constant. Furthercore, bocause of the manner in which
the chsaracter is scanned, (i.e., as a sequence of mearly vertical, horizontal,
snd slanted, directed line seogments) the slant of an uziunown charsacter can be
dotermined und skewod beck to s vertical orieantation for lockup purposes. A
recognition scheme based on these principles to more broadly cover the probsble
range of variation has been checked by hand, and is now bsing ipcorporated into

search and classification programs, but no test results are yet zvailable.

I11. Grephical Langusges

Graphical langusges are generally more of a convenience to the human
oparator, rathser than an adventage for the machine. In eddition to the problem
of coaverting from a graphical description into & machime trainsletable form,
there is the additional problez of couverting the deacriptions intio efficient
algorithms for machipe processing,hopefully for usaful purposes. Two invostiga-
tions were undertsker in the sress of boundary velue field problems snd electrical
network problems. In the former case,., the investization was concerned with
transforuing e graphical dimensioned description of a set of boundaries into »
boundary condition, a partitioning of computer memory, and a set of difference
equations to operate on the boundary and interior. The programsing was dobe in
the MAD language and has been partially tested.

The network analysin work concentrated on finding en efficient and
memory conserving slgorithm for complex mairix inversion, where soms elemonts
are partially symbolic. The msthods, vhich seen to have met their cbjectives,
are curreatly being progremmed.

siurray Eden and Morris BRalle. The Charzcterization of Cursive Hand Writing,
Fourth london Symposium ot Information Theory.
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v Allocation and Scheduling of Periphers! Equipment
Further coansideration has been given to the usage of a lipited

nunber of periphersl facilities, such 2s magnetic tape and disc on a limited
number of channois for t&e off-linre ouiput nnd temporary storage requiremonts
of operating time-shared programs. Operating in real time will not eliminnte
the need for some "nice-to-have’ outputs, such as progrsz listings, punched
outputs, and wemory dumps, or volume numeric data. OSince this information
will essentially be generated interspersed in tiwe with that of concurrent
prograns, to conserve tape facilitises, ='ich outputs will be placed iu the same
tapes for periodic demerging Mo such simple solution is avasilable in the
case of so-called scrstch tapes, which will have to be assigned 1o users over the
duration of their need. The scratch tapes necoessary for compilers can, of
course, be returned when the compiler is finished with them. Programming to
handle theso functions is being written and tested. It would preseantly appesr
however, that the availubility of such tepo units places an inherent coastraiat

on the number of on-!1ine users that can be accosmmodated on sny singlo system.

v Compiler Revision

The interasl revisions to the HAD progrsm for real-time use and
improved debugging capability are nearly complieted and tested. Tbhe changes
have been primerily in the orgsnization of internal tables and lookup procedures

as well as splitting the program into time-segmented portions




